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I - INTRODUCTION 
The intensive use of composite materials in aircraft primary structures has led to 
the setting up of special inspection systems for the detection of any defects which may 
be produced during the life of the aircraft. The main defects which are investigated 
during maintenance are, in general, delamination defects produced by various types of 
impact (stones, lightning, effects of maintenance tools being dropped). 
Until more global techniques (thermography, holography) are developed, the 
most suitable method for this type of inspection is ultrasonics. The problem involves 
application of these inspection procedures to an aircraft under maintenance conditions 
while scanning the areas to be inspected and obtaining a real time diagnosis. 
The SIAM R-theta system has been especially designed to meet the 
requirements of this type of inspection. It is capable of both assessing the damage 
after detection of the defect (visually, for example), and detecting defects within the 
framework of general inspection. 
11 - GENERAL DESCRIPTION 
The SIAM R-theta system can be broken down into four parts (see Fig. 1) as folIows: 
1) the ultrasonic probe and probe holder especially designed by Aerospatiale's Central 
laboratory for the inspection of composite materials. 
2) the mechanical device locating the position of the sensor in the inspection plane. 
3) the computer unit (hardware and software) comprising ultrasonic transmitter/ 
receiver cards and digitizing cards. Control, management and display software has 
been especially developed for the inspection of composite materials. 
4) ancillary equipment 
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a) Ultrasonic probe 
A 9 MHz center frequency wideband relay-type ultrasonic sensor is used. Figure 2 
shows the echo response on the relay/air interface with the characteristics of the 
electrical excitation pulse. The thickness of the relay allows up to 128 plies of 
composite to be inspected. 
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Fig. 2 a Sensor excitation signal (50 ohms) Fig. 2b Relay echo ultrasonic signal 
The sensor is instalied in a support providing local coupling by a film of water (the 
sensor is not in direct contact with the part) which allows initiation of measurements 
and inspection of a perfect coupling. Water is fed by means of a valve which opens 
when it is applied to the part to be inspected 
Figure 3. Sensor and sensor holder 
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b) The mechanical device (figure 4) 
The mechanical device provides sensor position in polar coordinates (hence the 
name R-theta) using two sensors: 
- an angle sensor (accuracy: 1 milliradian) 
- an incremental sensor based on the magnetostriction phenomena: torsional 
deformation undergone by a magnetic material when subjected to an abrupt 
magnetic field variation (magnets are in the tactile sensor holder) 
; 
Fig. 4. Mechanical device for locating the sensor position in polar coordinates 
This position sensor operates up to displacement speeds of 50 m/sec and provides 
an accuracy of 1/10 of a millimeter. The assembly is installed on a pivot which also 
provides vertical displacement of the order of 20 degrees. A vacuum suction cup 
enables the device to be secured in a vertical, horizontal or oblique position. The 
total weight of the assembly is about 4 kg. The scanned area is 640 x 400 mm 
which corresponds to a maximum definition of 1 x 1 mm for one screen pixel. The 
advantage of such a system is that it provides a guide permitting more methodical 
scanning, and thus time saving in the mapping as compared to contactless sensor 
type devices (acoustic triangulation). 
c) Ancillary equipment 
Housed in the same rack is the 40 litre water tank, the water pumps and the 
vacuum pumps for the attaching suction cup. 
d) Hardware section (Figure 4) 
The characteristics of the transmitter-receiver-preamplifier card are as folIows: 
- excitation pulse width adjustable trom 30 to 640 msec in steps of 5 msec. 
- fall time: 6 msec 
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- voltage adjustable from 30 to 250 V / 30 V 
- receiver passband: 0.5 to 100 MHz 
- general gain from 0 to 40 dB. 
A signal processing card (variable gain) provides in addition a total dynamic ra,nge 
of 45 dB. There are 4096 gain segments with a duration of 100 msec. These curves 
are stored in memory from measurements on standard parts. 
Fig. 5. Upper part: microprocessor and screen 
Lower part: ancillary equipment 
Finally, the digitizing card which operates according to two principles. 
- Sampling is initiated by the maximum levels of the input signals wh ich permits the 
characteristic values of the echoes (amplitude and time) to be stored in memory 
and used for map representation. The maximum sampling frequency is 34 MHz. 
- Sampling is initiated by a shifted time base permitting an A-scan display up to a 
virtual frequency of 200 MHz (basic frequency 25 MHz) over 256 points. 
e) Software 
The software makes use of a linked menu screen presentation. A main menu 
provides access to sub-menus enabling the various parameters required for 
mapping to be programmed. 
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Mapping is accomplished using the distances or amplitudes acquired and results in 
an eight colour representation of the various thicknesses (or amplitudes) measured. 
A depth zone is assigned to each colour (for example: 8 plie~ = red, 12 plies = 
green). 
Each depth zone of this scale of colours can be expanded or compressed to 
produce a zoom effect. A flashing cursor indicates the position of the ultrasonic 
sensor in the area explored. A coupling error (or incorrect measurement) does not 
affect the mapping or measurement file. 
Changing over from the distance representation to that of amplitude and vice versa 
is accomplished by simply pressing a key. During a mapping operation, the 
. operator at any time has the possibility of displaying an A-scan representation 
(oscilloscope) in order to check the validity of measurements. 
All the acquired data are stored in a measurement file in a read/write memory. 
It is possible to store this file on a hard disk and recall it subsequently for 
processing. 
One pixel displayed on the screen represents an area of 1 x 1 mm. The maximum 
area which can be inspected has been set to 640 x 400 mm. 
It is possible to change the vertical or horizontal dimensions of the acquisition zone 
(1 , 3, 5, 7 mm) in order to locate a defect in the part to be inspected, by a rapid 7 x 
7 mm scan. Once the defect is located, it is possible to detect its shape more 
accurately by selecting a 1 x 1 mm resolution. 
11- RESULTS 
Figure 6a, 6b shows A-scan representations of an ultrasonic sequence performed on a 
sound composite consisting of 33 and 66 plies using the DAC curve. 
Figure 7 shows distance mapping of a self-stiffened standard part with a thickness 
varying between16 and 65 plies and having porosities or delaminations a,t various 
depths. 
The time required to obtain this mapping is of the order of 10 minutes, at a screen 
resolution of 3 x 3 mm. 
Processing software is then used to perform a ply-by-ply analysis in order to visualize 
the exact position of the defects in the part. 
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Fig. 6a. A-scan representation on a 33 ply composite material 
Fig. 6.b. A-scan representation on a 66 ply composite material 
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Fig. 7 Distance mapping on a standard part 
IV - CONCLUSIONS 
The prototype system proved entirely satisfactory from the ultrasonics and utilization 
point of view. It was thus possible to inspect composite components (wings. fins. 
tailplanes). 
The simultaneous amplitude-distance operating capability makes it possible to 
overcome to a large extent the problems posed by variable thicknesses 
(reinforcements - stiffeners). 
The most serious problems now concern exact knowledge of the manufacturing 
drawings of parts and possible exceptions which make it necessary to provide 
interconnections of the R-theta inspection system with manufacturing test files 
obtained from computer-aided design and manufacture. 
A SIAM system dedicated to inspection during manufacture already operates 
according to this principle. Diagnostics are then performed by comparing the 
measurements with the standard files of sound or theoretical parts. This configuration 
provides for great rapidity and ease of operation in areas which are sometimes 
complex. 
The SIAM R-theta system will therefore evolve with this end in views. 
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